The rapid expansion of renewable energy sources (RES) in many European countries brings about transmission grid expansion requirements. While the transition towards RESbased energy systems is largely perceived positively in general, locally both RES and grid expansion are often confronted with a lack of public acceptance. Using Germany as a case study, we analyse public acceptance of energy infrastructure and its main drivers on local vs. national levels. For this purpose, we conducted a nationally representative survey. Our results show that, on a national level, the acceptance of RES is very high and there is also a high acceptance of grid expansion if it helps to increase the share of RES in the system. In terms of local acceptance problems that may arise for most considered technologies, concerns about landscape modification turn out to be the main driving factor. Moreover, the distance between places of residence and places of energy infrastructure construction is crucial. While acceptance or rejection of technologies will never be entirely tangible or explicable, we find the explicability of rejections to be lowest for new technologies. Finally, age and education turn out to be the most relevant socio-demographic variables determining the participants' acceptance. Bertsch, V., Hall, M., Weinhardt, C., & Fichtner, W. (2016). Public acceptance and preferences related to -2 -renewable energy and grid expansion policy: Empirical insights for Germany. Energy, 114,[465][466][467][468][469][470][471][472][473][474][475][476][477] 
Introduction
There is little dissent that greenhouse gas emissions need to be reduced globally to combat climate change and that the decarbonisation of the energy sector is a basic prerequisite in this context [1] . In Europe, emissions are planned to be reduced to 80-95% below 1990 levels by 2050 and the decarbonisation of the energy system shall mainly be realised by energy efficiency achievements and by transforming the current system into a system based on renewable energy sources (RES). In 2050, more than two thirds of gross final European energy consumption shall be provided by RES, with an even higher share for the electricity system [2] . While the public's general attitude towards most RES technologies and RESbased energy systems is rather positive according to different surveys (e.g., [3, 4] ), the rapid expansion of RES in many European countries brings about local challenges concerning acceptance. On the one hand, the continuous displacement of conventional power generation through RES technologies periodically leads to local acceptance problems (see e.g., [5] [6] [7] [8] ) in spite of the positive attitude towards RES-based systems on a higher level (see e.g., [3, 9, 10] ). On the other hand, since many of these new power generating facilities will be located far from the load centres (in particular new wind parks), an expansion of the transmission grid is necessary to meet the resulting transport capacity requirements. Grid expansion projects, however, face acceptance problems too (see e.g., [11] [12] [13] [14] ). Because of such recent experiences, particularly on a local level, it has been suggested increasingly often to consider public acceptance as a new key dimension of energy policy (see e.g., [1, [15] [16] [17] ). In a nutshell, the understanding as well as consideration of acceptance are undoubtedly key for energy planning. Moreover, the level of public support and acceptance seems to decrease with decreasing abstraction -from global emission reduction and decarbonisation goals over national and regional energy policy directions (e.g., towards RES-based energy systems) to the local implementation and expansion of RES and grid technologies. Germany. Energy, 114, [465] [466] [467] [468] [469] [470] [471] [472] [473] [474] [475] [476] [477] -3 -Overall, we are therefore interested in understanding how well the energy transition is accepted on different levels of abstraction, on which level acceptance problems begin to arise and what the main drivers for people's attitudes are on these different levels. We particularly seek to answer the following research questions:
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1. To which extent is the energy transition as a whole supported and how much do people agree with the overall direction of RES energy policies?
2. How does the acceptance of power systems on a national level differ from the local acceptance of individual power technologies?
3. What are the main factors driving local acceptance of energy technologies?
4. How does the subjective overall valuation of technologies differ from subjective impact assessment of these technologies w.r.t. tangible criteria, and how do these differences vary across technologies? 5. How strongly should different objectives be weighted in decisions related to national or local energy policy, and how important do people rate their subjective valuation/acceptance in comparison to traditional objectives of energy policy, namely economic impact, environmental sustainability and security of supply?
6. To which extent are the answers to the above questions related and are they related to socio-demographic characteristics?
There are many studies focussing on the acceptance of different energy technologies.
Several authors have conceptually studied and defined acceptance in relation to energy technologies [3, 8, 13, [18] [19] [20] . Further details are provided in section 2.1. Moreover, the acceptance of RES as a whole has been analysed in literature [7, 21] . Focussing on individual technologies, Van der Horst [4] , Guo et al. [6] , Bell et al. [10] and Wolsink [22] studied the acceptance of wind energy whereas Battaglini et al. [11] , Devine-Wright [13] , Ciupuliga & Cuppen [14] and Cotton & Devine-Wright [23] study the acceptance of grid infrastructure. Moreover, Devine-Wright [5] analyses the acceptance of a tidal wave energy project and Gross [24] investigates the acceptance related to geothermal energy. We wish to note that the acceptance of energy technologies is a field with a large and fast growing literature. Therefore, the above selection of related work cannot be comprehensive and is, to some extent, subjective of course. While the research referred to above provides detailed and valuable insights on the acceptance of individual energy technologies, our focus is on understanding acceptance and its drivers across technologies and scales -inevitably leading to a loss in detail in relation to individual technologies. Scheer et al. [25] emphasise that considering individual technologies is not sufficient for designing and implementing future energy policies and promote an approach based on generation portfolios. While we are supportive of this statement, we extend their approach in our research, inter alia, by adding a perspective on power grid expansion and infrastructure technologies since the grid and its expansion play a crucial role in future RES-based energy systems as outlined above.
With their ongoing energy transition to RES, Germany provides a particularly good use case to analyse these questions [26] . According to the German Renewable Energy Sources Act ("Erneuerbare-Energien-Gesetz", EEG), the RES share of gross electricity generation shall amount to at least 80% by 2050. In order to meet this target, a large amount of additional RES generators, in particular wind turbines and photovoltaic (PV) modules, will need to be integrated into the existing power system and, as a result, the power grid capacities will need to be increased strongly. We therefore conducted a large nationally-representative online survey in Germany to find answers to the research questions set out above.
The remainder of this paper is structured as follows. In section 2, we define public acceptance for this paper in order to avoid ambiguity (section 2.1). Moreover, we provide a brief summary of the survey design and structure (section 2.2) and an overview of the methods used for our analysis (section 2.3). In section 3, we present the results. In section 4, we discuss and interpret the results before we conclude the paper in section 5. Appendix 1 provides further details concerning the structure and questions of the survey.
Material and Methods
While it seems to be a common understanding that a lack of public acceptance may hinder RES as well as grid expansion, the term acceptance is used in a wide variety of circumstances. Because the specific understanding and interpretation of the term strongly affects the choice and design of methods for its elicitation, we first seek to define and delimit our usage of the term within this paper (section 2.1). Subsequently, we describe the survey design and structure (section 2.2) before providing a short overview of the methods we make use of in our analysis, including a brief selection of preference elicitation methods from the field of multi-criteria decision analysis (MCDA, section 2.3).
The term acceptance
On a general level, acceptance can be understood as an active or passive approval of a certain technology/product or policy. Different sub-categories of acceptance have been introduced in literature. For instance, Wüstenhagen et al. [3] distinguish between sociopolitical acceptance (social acceptance on the broadest level), community acceptance (particularly referring to siting decisions of energy projects involving local authorities and residents) and market acceptance (closely related to the market adoption of innovations or products). Schweizer-Ries [19] differentiates between a valuation dimension (adoption vs. rejection) and an action dimension (passive vs. active) resulting in four quadrants in her acceptance model. For instance, a positive valuation may be expressed through either active or passive acceptance/behaviour. Focussing on technology acceptance, Schumann [20] distinguishes between different forms depending on the type of technology under consideration. For "product and everyday technology", acceptance is disclosed by (active) purchasing behaviour. This type of acceptance partly corresponds to the market acceptance described by Wüstenhagen et al. [3] . For "work technology", the active use of a technology or product (e.g., software technology) by the employees of a company reveals its acceptance.
For both "product and everyday technology" as well as "work technology", acceptance is shown by an active behaviour. For large-scale technologies, including most energy technologies, the passive approval or tolerance of those concerned (e.g., as they live in the area) imply the acceptance according to Schumann [20] , whereas it is not necessary for those concerned to become active or to have a positive attitude towards the technology.
While the definition by Schumann [20] is in line with that by Schweizer-Ries [19] in that acceptance may include passive as well as active behaviour, it differs in that Schweizer-Ries [19] does not consider a negative attitude with a passive behaviour as acceptance. While for large-scale energy technologies, an active approval is often not easily possible for "normal" citizens, this topic has also been a subject of research in individual studies (see for instance
Hampl & Wüstenhagen [27] , who conceptually investigate investor acceptance of large wind power projects).
Acceptance is also often used synonymously with acceptability. Like other authors, however, we clearly distinguish between the two terms (see [20, 28] ): Acceptability takes into account the judgement of experts as to whether the construction of a particular facility (e.g., a power plant or transmission line) is a reasonable burden under rational consideration of quantifiable criteria (e.g., health impact or noise). Acceptance, on the other hand, is a subjective measure of the readiness of people to accept a certain facility in their neighbourhood -regardless of rational judgements.
In this paper, we focus on the acceptance rather than the acceptability. Because of our interest in (mostly) large-scale energy technologies, we do not differentiate between active and passive behaviour but focus on the valuation dimension. We therefore define acceptance for the purpose of this paper as the passive or active socio-political and community acceptance of (mostly) large-scale energy technologies or related policy strategies, i.e. the public's passive or active approval (based on subjective valuation rather than scientific expertise) of decisions by others.
Survey design and structure
To gain insights related to the research questions outlined in section 1, we developed an empirical survey in three iterations. In order to assess subjective perceptions and acceptance of the transition to RES, an initial questionnaire was developed based on stated preference questions 1 and pre-tested with n=372 respondents. The results of this pre-test were subjected to a Confirmatory Factor Analysis (CFA), where items not achieving a KaiserMeyer-Olkin (KMO) criterion of 0.6 or higher and a significant result in Barlett's Test of sphericity were eliminated [32, 33] . This resulted in the dropping of six items from the questionnaire along with several updates of question wording. Another round of pre-testing and CFA for verifying that the changes did not alter the structure and loading of the factors was completed after the drop of these six questions and changes in wording. Gender was found to have no impact in these two iterations, and was no longer considered in the next iteration as a privacy measure.
A nationally representative panel of Germany was drawn in the final stage (n=1443) using the panel book of Consumerfieldwork GmbH, an international online consumer panel company with over 45,000 panellists across Germany. The Consumerfieldwork-delivered panel is demographically representative of age and state residence in Germany. Pages within dimension blocks, questions per page and non-ranked matrix questions were randomized to avoid order effects [34, 35] . 14:45 minutes was determined to be the minimum amount of time required for questionnaire completion, and two screening questions were included in the first and second blocks of the questionnaire [36] . Participants who met all three criteria were kept in the sample (n=996). Since the respondents were given the option to choose "No Response/Prefer Not to Disclose" for some questions, the sample size may differ for certain questions and analyses. The relevant questions of our survey, aimed at answering the research questions outlined in section 1, can be broadly grouped into five categories. Table 2 provides an overview of the research questions and the corresponding question categories. For further details, see Appendix 1 or Bertsch et al. [37] .
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Analysis and elicitation methods
The results were analysed by a combination of different methods with general descriptive statistics using IBM SPSS Statistics 22 providing the basis for most question categories.
These basic analyses were complemented by methods from the field of MCDA for question 
AHP:
In order to determine the relative importance of the objectives of energy policy (economic competitiveness, environmental sustainability, security of supply, public acceptance/subjective valuation), the participants were asked for pairwise comparison statements on a 9-point scale as in the analytic hierarchy process (AHP, see Saaty [38] ), a method within the field of MCDA. We chose AHP since experiences have shown that people find pairwise comparisons easy to understand [39] . It should be noted, however, that the pairwise comparison procedure within AHP may lead to inconsistent preference statements.
Therefore, the statements need to be checked for consistency. For this purpose, we calculated the so-called consistency ratio (CR, see [38] ). Preference statements identified as inconsistent are removed from the data set for the corresponding analyses.
SWING:
To determine the drivers' influence on the participants' acceptance of power technologies, we define and calculate their strength of impact based on a two-step procedure. In the first step, the participants were asked to assess the subjectively perceived impact of different conventional, RES and infrastructure technologies with respect to a selection of possible drivers on a 7-point scale; emphasising that we do not ask for rational expert judgments. In the second step, the participants were requested to indicate the subjective importance of these drivers individually on a 5-point scale. On this basis, we calculated weights (normalised to sum up to one) as in SWING weighting [40, 41] . The motivation for using SWING weighting for the importance elicitation of the acceptance drivers as opposed to AHP is that the set of possible drivers is much larger than the set of energy policy objectives. Experiences show that the share of inconsistent preference statements in pairwise comparison matrices increases with the amount of criteria to be compared [42, 43] .
To calculate the drivers' strength of impact, let now ∈ ℕ be the number of participants and ∈ {1, … , } be the participant index, let ∈ ℕ be the number of technologies and ∈ {1, … , } be the technology index and let ∈ ℕ be the number of drivers and ∈ {1, … , } be the driver index. Furthermore, let ∈ [0,1] be the weight assigned to driver by participant and ∈ {−3, −2, −1,0, +1, +2, +3} be the value of technology with respect to driver as perceived by participant . We then define the strength of impact of driver in determining the acceptance of technology according to participant as = • . Consequently, the strength of impact takes into account both, but also enables explicitly disentangling, the relative importance of a driver and the subjective impact assessment of a technology with respect to this driver.
Analysis and Results
In this section, we present the main findings from our survey. We summarise the results concerning the overall support for the decarbonisation of the energy sector and the transition towards a RES-based energy system including the acceptance of power generation mixes on a national level in section 3.1. Subsequently, we present our findings concerning the (local) acceptance of individual technologies and how this compares to the acceptance on a national level in section 3.2. We then describe the most important drivers for the acceptance of these technologies in section 3.3. We compare the results of sections 3.2 and 3.3 in section 3.4 aimed at understanding how the subjective overall valuation of technologies differs from subjective impact assessment of these technologies w.r.t. tangible criteria across -12 -technologies. We present the results as regards the relative importance of policy objectives in section 3.5 before summarising our results of the socio-demographic analysis in section 3.6.
Overall support for decarbonising the energy sector and the transition towards RES
In the first step, our intention was to validate our initial assumption that there is little dissent in the public that greenhouse gas emissions need to be reduced. We therefore asked the participants to state how willing they are to change their lifestyle to reduce their ecological footprint and thus to express how willing they are to contribute to achieving emission reduction targets. Figure 1 shows that more than 80% of the participants were either neutral or approved this statement, which we take as a confirmation that there is consensus overall in relation to this need. Moreover, in order to elicit the public's support of the general policy direction towards a RESbased energy system (aimed at achieving emission reduction targets), we asked how willing they would be to accept different power generation mixes on a national level (as visualised in Figure 7 in Appendix 1) on a 5-point scale. To compare their preferences for the three offered mixes, we show the share of participants who prefer one power generation mix over another in Table 3 . Both strict (≻) and weak (≿) preferences are shown. Overall, Table 3 reveals that the acceptance of a power generation mix increases with the share of renewable power generation in the system -regardless of the required level of grid expansion. This -13 -
shows that, on a national level, there is a high acceptance of RES and also of power grid technologies. 
Local acceptance of individual technologies vs. acceptance of power generation mixes
In addition to ranking their acceptance of power generation mixes on a national level, participants were asked to indicate minimum distances, which must be exceeded for them to accept a certain technology in their local neighbourhood. The corresponding results are shown in Figure 2 . Not surprisingly, approx. 50% of the participants responded that they would not accept a coal power plant at all (regardless of the distance). However, approx.
60% of the participants would accept grid expansion (overhead) if a minimum distance of one kilometre to their homes was guaranteed. At the same distance, wind power stations and solar PV modules would be accepted by approx. 50% and 85% of the participants respectively. Together with the result for grid expansion this is a positive outcome for the realisation of the energy transition. On the basis of the minimum distances, biomass is the least popular RES technology with distances that are very similar to those of natural gas power plants. Comparing the distance statements with the acceptance statements for power generation mixes on a national level shows that these statements are well in line for larger distances (around 5km or more, see right-hand side of both charts in Figure 2 ). At 5km or more, all RES and grid technologies would be accepted by at least 80% of the participants according to Figure 2 . This broadly corresponds to 80% preferring Mix 3 over Mix 1 or preferring them in equal measure and 70% preferring Mix 3 over Mix 2 or preferring them in equal measure (see Table 3 ), where Mix 3 is the one with the highest level of RES generation (see Figure   7 ). For shorter distances, however, Figure 2 reveals strong differences between the acceptance on a national level and the local acceptance.
In addition to the distance statements, the participants were asked to provide their zip code.
We were therefore able, in subsequent analyses, to identify areas in both Northern as well as
Southern Germany, where Power-to-Gas would be accepted at comparatively low distances.
We take this observation as a positive sign since in Northern Germany, Power-to-Gas plants may, to a certain extent, be beneficial for the expansion of wind power generation. In Southern Germany, the same holds true for the expansion of solar PV power generation. Overall, however, the results for Power-to-Gas should be interpreted with some caution since this can be considered a rather new technology which is not yet well known by the majority of the public. This issue will be picked up again in section 3.4 and section 4.
Beyond the distances, we were also interested in the drivers of the participants' acceptance, their importance and how they rank the different technologies with respect to these drivers.
The corresponding results are presented in the next section.
Drivers of power technology acceptance
In order to understand which factors drive participants' acceptance of power technologies, as mentioned above (section 2.3), participants were asked to provide subjectively perceived impact assessments for the different conventional, RES and infrastructure technologies with respect to a selection of possible drivers on a seven-point Likert scale. Note that these statements, as for all stated preference surveys, may differ from rational expert judgments, as well as actual (revealed) behaviours and preferences. Subsequently, the participants were requested to judge the relative importance of these drivers aimed at calculating normalised weights. The results of the weight calculation are shown in Figure 3 . -16 -Visually, the ten drivers offered to the participants clearly split into three categories. The drivers with the highest relative importance are water quality, health impact, air quality and technical safety followed by a group of moderate importance including olfactory impact, noise impact, impact on German economy, landscape modification and impact on local employment. Impact on comfort turns out to be the least important driver, which, again, is a positive result for the realisation of the energy transition.
In order to calculate, beyond the relative importance of drivers, their strength of impact (as considered technologies shows the degree of landscape modification to be the most important overall driver followed by air quality and olfactory impact. The age of the respondent was found the be the most significant driver of concern about landscape modification F(1,994) = 28.087, p = .001.
Explicability of rejections of technologies
In the next step of our analysis, we seek to understand how the subjective overall valuation of technologies (section 3.2) differs from subjective impact assessments of these technologies w.r.t. a selection of possible drivers (section 3.3) across the set of considered technologies. We are particularly interested in understanding to which extent rejections of technologies are 'explicable', meaning that rejected technologies are valued negatively with respect to one or several drivers. For this purpose, we checked whether the participants who responded that they reject one or more technologies according to the results illustrated in technologies, Figure 4 shows a clear peak of non-explicable rejections for Power-to-Gas, while the corresponding share for coal power plants is the lowest.
Relative importance of policy objectives
As described in section 2.3, the calculation of the relative importance of public acceptance, economic competitiveness, environmental sustainability and security of supply follows the same procedure as in AHP, i.e. weights are derived from pairwise comparison judgments. Figure 5 shows that the resulting weights vary significantly between the participants.
Moreover, Figure 5 shows the weight distributions: While the weights of security of supply and environmental sustainability are more or less evenly distributed with peaks in the lower as well as the upper parts of the entire weight ranges, the weight distributions of economic competitiveness and public acceptance are strongly right-skewed. Overall, environmental sustainability and security of supply rank much higher than public acceptance and economic impact among the German public. This finding, in particular the relation between environmental sustainability and economic competitiveness, is supported by similar results of a telephone survey reported by Schubert et al. [44] . Moreover, we note with interest that the weight distributions from our nationally- 
Socio-demographic characteristics
Beyond the statements on acceptance and importance, we were interested in relations between the answers to the previously described questions and in relations to sociodemographic characteristics. For instance, we identified the following two groups who expressed a critical view on several technologies: First, a set of participants stated for all considered technologies that they either reject the technologies or would only accept these at distances larger than 5 km. This group represents approx. 5% of all participants. Second, a set of participants responded either a rejection or an acceptance only for distances larger than 5 km for all RES technologies (wind, solar PV, biomass). This second group represents 10% of all participants. Participants, basically rejecting all technologies tend to rent rather than own their dwelling. Overall, 65% of the participants rent their dwellings. For the above group, the corresponding value is 73%. Moreover, the level of education turned out to have an impact for the group that basically rejects all technologies: the highest graduation certificate of more than 94% of these participants is 'Abitur' (corresponding to A-levels) or lower (as opposed to 75% for the group of all participants).
Education also turned out to be a driver concerning the non-explicable rejections of technologies: on average, more than 84% of the non-explicable rejections of technologies can be traced back to participants whose highest graduation certificate is 'Abitur' or lower.
The individual values for wind (89%) and overhead grid expansion (88%) show that education is an even more important driver for these technologies.
Furthermore, we found that the location of residential areas (rural vs. urban) has an impact on the residents' acceptance. Concerning the acceptance of overhead grid expansion for instance, Figure 6 shows that residents of rural areas tend to accept grid expansion at farther distances from their dwellings than those of urban areas. 
Quantile (% )
Urban population
Suburban population
Rural population -21 -on preferring Mix 3, whereas renting, along with education level and age is a more common profile of those preferring Mix 2. A selected overview of relationships significant at p <.05 and higher can be found in Table 4 . Preferences for economic competitiveness, security of supply, and Mix 1 were not revealed to have discernible population characteristics. Further descriptive aspects based on population characteristics are found concerning respondent age and income. Respondents with higher income respond more positively to the statement "I am ready and willing to pay more to support the rollout of new technologies in the energy sector" (F(1,764) = 7.355, p = .01)), and are more likely to find that restrictions on energy usage as a conservation mechanism would prove a major impact on their daily lives (F(1,764) = 4.587, p = .05)). It was found that the older the respondent is, the less likely they were to agree to the statements: "I am ready and willing to change my lifestyle to reduce my 
Discussion, comparison to related work, limitations
While we focussed on presenting the results in the previous section, we attempt to interpret them in this section and also compare our findings to existing research. The six main findings of our survey can be summarised as follows.
First, as described in the previous section, the German attitude (i) towards decarbonising the energy sector and (ii) towards the transition to RES is very positive in general. Scheer et al. [25] have analysed a similar question for Germany and for Pennsylvania in the US. Their results for Germany are in line with our finding. Moreover, they report strong differences for the US. While their Pennsylvanian sample also shows strong preferences for decarbonisation and, accordingly, for low-carbon technologies and electricity generation mixes, respondents in the US seem to prefer nuclear and carbon capture and storage (CCS) technologies as a 'solution' to the decarbonisation problem as opposed to RES technologies.
Second, in spite of the high acceptance on an abstract level, local acceptance problems may arise for most considered technologies. This finding has conceptually also been reported by Wüstenhagen et al. [3] . Focussing on wind power, Bell et al. [10] and Musall & Kuik [9] present similar findings for the UK and southeast Germany respectively. Interestingly, Ribeiro et al. [21] report for Portugal that, with the exception of biomass, they could not find major differences between RES acceptance on an abstract vs. a local level. The lack of local acceptance is often explained by the NIMBY ('not in my backyard') phenomenon following the idea that people have a positive attitude towards something (e.g., RES expansion) until they are personally confronted with the consequences (e.g., a RES or grid project in their neighbourhood) and that they then behave oppositional for selfish reasons. While we do not wish to add fuel to the fire of the NIMBY debate, it should be noted, however, that explanations based on NIMBY phenomena have been criticised as too simplistic by many researchers (see e.g., [10, 13, 22] ). For instance, Wolsink [22] identifies fairness and equity considerations as the main determinants of local acceptance, rather than selfishness. Our analysis shows the perceived degree of landscape modification to have the highest impact on local acceptance. Worrying about landscape modification, however, cannot necessarily be classified as a selfish motive; it could just as well be driven by equity or environmental concerns or can be related to place attachment [13] . However, regardless of the motives, our results do show that the distance between places of residence and places of RES or grid technology construction is relevant (see Figure 2 ). According to national regulations for wind power, the minimum distance from residences to be guaranteed varies from 200-1500 metres in Germany, and 500m in Ireland to four times total turbine height and ten rotor diameters in Denmark and Scotland respectively [45] . Comparing our findings visualised in Figure 2 with the mentioned upper value of the German national regulation shows that at 1500 metres, wind turbines would be accepted by approx. 60% of the German participants.
The remaining 40% would either prefer larger distances or would not be willing to accept wind power at all. Overall, however, our findings suggest that the majority of people would accept a certain level of impact by a RES or grid project.
Third, we found that the landscape modification is the most important factor driving the (lack of) local acceptance for most technologies. Similar results are reported by Van der Horst [4] for wind and biomass projects in the UK as well as Wolsink [22] for wind projects in The
Netherlands. Moreover, Devine-Wright [13] mentions the impact on the landscape along with other project-related factors as an important factor for explaining the acceptance of power grid expansion in South West England. He furthermore emphasises the importance of place attachment for explaining acceptance or rejection of grid infrastructure projects. While
Zoellner et al. [7] also acknowledge the importance of the landscape in their study on RES -24 -acceptance for Germany, we note with interest that they find economic considerations by individuals to be yet more relevant.
Fourth, not surprisingly, the results concerning the non-explicable rejections of technologies provide proof that acceptance and rejection are not entirely explicable on a rational and quantitative basis. However, the impact of education on the discrepancy between subjective technology acceptance judgments and impact assessments of these technologies with respect to different drivers did surprise us. We note that the share of non-explicable rejections of technology is particularly high for the new technology Power-to-Gas. One possible explanation for this observation is that it is related to a lack of information and a 'fear of the unknown' (similar to what Gross [24] reports for Geothermal energy). We wish to emphasise that the conclusion in the opposite direction ('the more people know about a technology, the higher their acceptance') is not valid as our results concerning the low acceptance of coal power plants, definitively a mature and known technology, show.
However, in the event that further quantitative analyses would show that Power-to-Gas is a key technology in the context of the energy transition, future acceptance research should focus on investigating whether transparent information campaigns on Power-to-Gas can help to increase the acceptance by the public (and to decrease the share of non-explicable rejections). This may apply to other new technologies analogously.
Fifth, our analysis of the relative importance of policy objectives reveals that environmental sustainability and security of supply are ranked much higher than economic competitiveness and subjective acceptance/valuation by the public. The higher importance of environmental concerns in comparison to economic considerations has also been reported by Schubert et al. [44] for Germany. However, they did not include an explicit calculation and comparison of the relative importance of economic competitiveness, environmental sustainability, security of supply and subjective acceptance/valuation in their analysis. Our results particularly reveal two large groups within the set of participants. For the first group, environmental sustainability is the most important policy objective, for the second group, it is security of supply. Altogether, more than 75% of the participants indicated a weight of at least .4 to at least one of these two policy objectives. The strong and significant negative correlation between the two weights (see section 3.5) shows that the group that ranks environmental sustainability highest could be called a group of absolute supporters of the energy transition (they would even accept a decrease of the level of security of supply). Participants within the group that ranks security of supply highest are not necessarily opponents of the energy transition but for them, it is more important that the security of supply is not affected in the course of the energy transition. Furthermore, public acceptance, when considered on a national level and in a rather abstract context, is not perceived as a crucial policy objective.
However, the remaining and important question in this context is whether a lack of acceptance on a local level may become a decisive factor against the realisation of individual RES or grid projects.
Sixth, age and education turned out to be the most relevant socio-demographic variables in relation to acceptance whereas age and income are the most relevant characteristics in terms of perceiving environmental sustainability as important. Comparable results concerning age and education were found by Scheer et al. [25] for Germany and the US and by Ribeiro et al. [21] for Portugal. By contrast, Devine-Wright [13] does not find a significant impact of age in driving the acceptance of energy projects. Within the group of personal variables, he finds education and length of residence to play a significant role in influencing objections to an electricity grid expansion project in the UK. Moreover, he finds place attachment to play a crucial role. When analysing the relations between socio-demographic characteristics and technology acceptance, we also found that the distances at which grid projects would be To summarise the above, Table 5 provides an overview comparing a selection of our findings with those from studies in other countries as discussed in the previous paragraphs. Moreover, in addition to the above findings, we found a high acceptance of underground in comparison to overhead power grid expansion. We therefore expand the discussion around this topic in the following. Given the high acceptance of underground cable projects even at very low distances, the chances associated with an increased usage of underground cables as a grid technology should be subject to further investigations in the future. While underground cables are much more expensive than overhead lines, the low rank of economics among the policy objectives suggests that these costs should not turn out to be a major obstacle in view of the stated preferences of the German public. We do not wish to imply, however, that underground cables shall be considered a silver bullet for the energy transition. There are manifold unresolved questions related to an increased usage of underground cables on the transmission grid level which need detailed investigation. For instance, the resistance of underground cables is higher than that of overhead lines, which, inter alia, has an impact on the technical losses. Moreover, for alternating current (AC) underground cables, the reactive power requirements differ strongly from overhead transmission lines. Together with the increased resistance and losses this implies a strongly reduced power transmission capacity of AC underground cables in comparison to AC overhead transmission lines. Underground cables should therefore only be considered a viable option for high voltage direct current (HVDC) lines. Nevertheless, in the event that this option should be considered for actual implementation, the differing technical characteristics imply the need for re-examining the transmission grid development plan, which requires additional time and may cause a delay. On the contrary, the much higher acceptance of underground cables could also be used as an argument suggesting a faster realisation of underground grid projects. We wish to emphasise that this is only likely to be true for individual planning phases because of the comparatively lower (public) opposition. As a result of the re-examination of the grid development plan, possibly including a re-consultation of the public, as well as the higher construction and maintenance effort, however, the overall time span will rather be longer. In addition, there are increasing concerns related to the many demands to utilise the geological underground more intensely in the context of the energy transition (CCS, underground gas storage, geothermal energy, underground transmission lines etc.) calling for a structured underground spatial planning and coordination aimed at ensuring a sustainable use of underground space [51, 52] . This, again, is likely to rather cost time than reduce time for realising grid expansion. Finally, while the landscape modification of underground cables certainly differs from that of overhead lines, the impact seems to have been underestimated. Underground cables also bring about a massive intervention and landscape change. Moreover, findings by Gross [24] on the use of Geothermal energy suggest that the unknowns of the underground may raise suspicion among the public regardless of a lower degree of landscape modification above ground. Overall, we therefore recommend more detailed investigations of landscape modification, acceptance and planning and construction time in relation to underground cables in order to be able to make an informed decision.
Critically reflecting our findings, we wish to acknowledge that the panel used for the survey is demographically representative of age and state residence in Germany. Despite the size of our sample, however, there are deviations concerning education, income and renting/owning so that the representativeness is somewhat limited. While in our sample, the share of participants with a university or technical college degree amounts to approx. 26%, the corresponding share in Germany is 14%. At the same time, the share of survey participants who rent their dwelling amounts to 65%, whereas the corresponding share in Germany is 57% 3 . Since these two socio-demographic characteristics were both found to be relevant, this information needs to be taken into account when interpreting our findings. Moreover, we are aware that, by nature, the findings of our survey are based on answers to questions, not on observations of real reactions. As described above (see section 3.3), stated and revealed preferences may diverge. In addition, particularly for new technologies (see above), the question arises to which extent the stated opinions and preferences go hand in hand with knowledge or facts related to the different technologies. On the one hand, however, as for other surveys, the participants' responses should be interpreted as educated guesses. On the other hand, our main focus is on technology acceptance and therefore on subjective perceptions rather than purely rational explanations.
Conclusions and outlook
In this paper, we provide estimates of the public acceptance of strategies for the future development of the energy system and of individual energy technologies which could be part of this future system. We were particularly interested in the overall support for the decarbonisation of the energy sector and the transition towards RES, the difference between acceptance on a national vs. a local level, the individual factors driving overall acceptance, the relative importance of different policy objectives in national or local energy policy as perceived by the German public, and the relations between the answers to these questions and to the participants' socio-demographic background. For this purpose, we conducted a large nationally representative survey for Germany. Beyond existing surveys, our survey was aimed at providing an integrated overview, including the power grid and (renewable) power generation technologies since both groups of technologies are mutually dependent in the context of the energy transition.
Overall, we found that, for the majority of the German public, the acceptance of an energy system increases with an increase of the amount of renewable energy sources (RES) used in the system -despite increased power grid expansion requirements. We can therefore conclude that, on an abstract level, the majority of the German public approves the energy transition pursued by the federal government -provided that the security of supply can be maintained at a high level. This conclusion is supported by the ranking of energy policy objectives (environmental sustainability and security of supply are ranked much higher than economic competitiveness and public acceptance), the rather low distances at which RES or grid projects would be accepted and the low importance of comfort in influencing the acceptance. Locally, however, the degree of landscape modification was found to be one of the most important factors influencing the (lack of) acceptance across all considered technologies. Therefore, the question arises whether a lack of local acceptance may evolve into a 'deal-breaker'. The answer to this question, however, may be very context-specific. We also found that the attitudes (e.g., rejection) towards individual technologies sometimes cannot be explained by the corresponding importance and impact statements with respect to the influencing factors. This is particularly the case for new technologies. We identified the level of education as the differentiating socio-demographic criterion for this observation.
Along with age, education also turned out to be among the most relevant socio-demographic variables driving the other results. We wish to emphasise that, in this context, education
should not only be interpreted in terms of school, college or university education but also in terms of knowledge or access to information about different (energy) technologies.
Consequently, investment into (energy) education and transparent communication of energy strategies, emphasising that these lead to high levels of environmental sustainability and security of supply while minimising the degree of landscape modification, can help to increase the public acceptance of energy technologies and strategies.
Future research in this area should include in-depth analyses of conditions which let a lack of local acceptance evolve into a 'deal-breaker' for individual projects despite a high degree of acceptance on a national level. It could be assumed that the missing possibility for financial participation (e.g., not even being able to invest into solar PV modules) makes a difference in this regard. To analyse the relations behind in detail, however, further research is needed.
Moreover, further analyses should aim at acquiring a deeper understanding of the causalities behind the observation that the group of participants basically rejecting all technologies tends to rent rather than own. More detailed investigations are also needed to take an informed decision concerning the future usage of underground cables vs. overhead lines on a transmission grid level. These should focus on comparing landscape modification, acceptance as well as planning and construction time for both options. Scale of possible answers: 0 -don't know, 1 -very low, 2 -low, 
Socio-demographic characteristics
The following socio-demographic variables were elicited: Age, Education, Income, Zip code, Renting or owning
